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Abstract 

Pap screening combined with loop electrosurgical excision procedures (LEEP) is almost 100% effective in 
preventing cervical cancer mortality yet many countries with these procedures have now implemented broad HPV 
vaccination programs. HPV vaccines have not been demonstrated to be more effective or safer than Pap screening 
in the prevention of cervical cancer and Pap screening will still be required even in vaccinated women. The HPV 
vaccine costs Au$450 per person and it does not protect against -30% of cancer. This investigation analyses the 
cost-effectiveness of using the HPV vaccine in countries where Pap screening and surgical procedures have already 
reduced cervical cancer mortality to very low rates. Cost-effectiveness of vaccination programs is being determined 
by mathematical models which are founded on many assumptions. It is necessary to examine the rigor of these 
assumptions to be certain of the health benefits that are predicted. In 2002 scientists concluded that HPV 16 and 
18 were the central and independent cause of most cervical cancer. This conclusion was based on molecular 
technology. If HPV 16 and 18 infections are the central and independent cause of most cervical cancer then the 
incidence of HPV 16 and 18 should vary with the incidence and mortality of cervical cancer worldwide. This 
correlation does not exist. It is also observed that the majority of HPV 16/18 infections do not lead to cervical 
cancer. This indicates that other etiological or 'risk' factors are necessary for persistent HPV infection to progress to 
cancer. The benefits of HPV vaccines have been determined by using pre-cancerous lesions in young women as a 
surrogate for cervical cancer. This surrogate is found to be inadequate as an end-point for cervical cancer. Clinical 
trials have only provided speculative benefits for the efficacy of HPV vaccines against cancer and the long-term risks 
of the vaccine have not been established. Pap screening will still be required in vaccinated women hence HPV 
vaccination programs are not cost-effective, and may do more harm than good, in countries where regular Pap 
screening and surgery has already reduced the burden of this disease. 
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Background 

Knowledge of the etiology of cervical cancer has been 
developed over the last century and during this time 
many lifestyle and environmental factors have been im- 
plicated in the etiology of this disease [1,2]. In 2002 
it was stated that Human Papillomavirus (HPV) geno- 
types 16 and 18 are responsible for causing approxi- 
mately 70% of cervical cancer worldwide [3]. This claim 
was made in 1995 based on the use of new hybridization 
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technology for detecting HPV DNA that was stated to 
be 'truly sensitive and specific' [4]. Prior to 1995 the de- 
tection of HPV DNA in different tissues was known to 
be unreliable and the sensitivity of the results varied 
with the different techniques [5]. A causal theory based 
only on the presence of HPV genotypes is strongly de- 
pendent upon the accuracy and precision of the bio- 
technology used for detection [6]. Identification of HPV 
genotypes in the anogenital tract is also complicated by 
the fact that there are at least 40 HPV types present 
making it difficult to distinguish the causal factors for 
cervical cancer [6]. 
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In 1995, Bosch et al set out to characterise the global 
distribution of HPV genotypes because they knew this 
was essential to the development of vaccination strate- 
gies to curb the burden of cervical cancer' [7] p.797. In 
this study of 1000 cervical cancer tumors it was found 
that 93% contained HPV DNA [7]. This international 
study used new polymerase chain reaction-based (PCR) 
assays to detect more than 25 HPV types in 1000 speci- 
mens. In 1999, the 7% of tumors that were originally 
found to be HPV negative in the Bosch et al study were 
re-analyzed using different techniques and assumptions 
[8]. After re-analysis Walboomers et al claimed that 
99.7% of tumors contained HPV DNA [8]. This evidence 
and other case-control studies led scientists to claim 
that persistent infection with HPV 16 and 18 is the main 
and determining factor in the etiology of most cervical 
cancer [3,8]. Consequently it was considered that a vac- 
cine might be beneficial in reducing the global burden of 
cervical cancer [3]. This conclusion was based solely on 
the accuracy of the detection methods and assumptions 
that were used to attribute causality to HPV genotypes 
16 and 18. 

Whilst PCR methods are more sensitive and specific 
than liquid hybridization techniques and enable the 
identification of different genotypes, the specificity of 
this technique depends upon the type of primer used: 
type-specific or broad-spectrum [6]. The Bosch et al. 
1995 study used the broad-spectrum MY11/09 method 
to genotype HP V-DNA [7] . The nascent technology used 
in this study was only available from the mid-nineties so 
the evidence for the causality of different HPV genotypes 
was based on a small number of studies between 1995 
and 2002. Prior to 2002 a multi-factorial etiology was 
believed likely with HPV being a necessary factor but 
not a sufficient cause [2]. 

By 2002 scientists were proposing that human papillo- 
mavirus (HPV) Type 16 and 18 was the 'first ever identi- 
fied necessary cause of human cancer' [3]. This suggests 
that cervical cancer does not and will not develop in the 
absence of HPV DNA [3]. The claim hasn't been sus- 
tained because some investigators observe that HPV in- 
fection cannot be found in every patient with cervical 
cancer [2], Scientists have found that persistent infection 
with one of 15 genotypes of HPV can lead to cervical 
cancer and it is stated that HPV genotypes 16 and 18 are 
the cause of the majority of cervical cancer worldwide 
[3,8]. The International Agency for Research on Cancer 
(IARC) working group also acknowledged in 2005 that 
there are cofactors that are associated with HPV infec- 
tion and cancer development [9]. In other words, an 
HPV infection does not progress to cancer without the 
co-factors being present. 

Several risk factors have been identified including in- 
fection with other sexually transmitted infections (STI's), 



high parity, smoking and hormonal contraceptives [9]. 
The strength of these risks (co-factors) is variable and 
even though it was known in 2002 that co-factors were 
required for pathogenesis it was still believed that a vac- 
cine targeting HPV 16 and 18 would prove effective [9]. 

Clinical trials to test the hypothesis that the quadriva- 
lent HPV vaccine would be effective against cervical can- 
cer, and not just the prevention of HPV 16/18 infection, 
were started in phase 3 trials in 2003 [10,11]. These tri- 
als investigated pre-cancerous lesions in 12,167 women 
(15-26 years old) and were completed in 2007 [10]. Yet 
the quadrivalent HPV vaccine was approved for the 
European and US market in 2006 [12,13]. The HPV vac- 
cine, Gardasil® was developed and marketed to women 
as an effective prevention for cervical cancer after only 
4 years of testing for efficacy against pre-cancerous le- 
sions [11,14]. 

This paper examines the epidemiology of HPV infec- 
tion and its progression to cervical cancer in different 
countries. It analyses the assumptions that have been 
made to claim that a vaccine against cervical cancer is 
cost-effective (CE) in countries with already established 
Pap screening programs. The cost-effectiveness of HPV 
vaccines has been determined using mathematical mo- 
dels that are limited by the assumptions they are based 
on [15]. An independent assessment of these assump- 
tions is essential to population health and the effective 
distribution of health resources to the community. This 
paper provides an independent assessment of these 
assumptions and re-evaluates the cost effectiveness of 
broad vaccination programs that have been implemented 
in many countries. 

Review 

The global distribution of HPV 16 and 18 and cervical 
cancer incidence and mortality 

Infection with HPV 16 and 18 has been stated to be the 
central and independent cause of cervical cancer. This 
infers that no other factors are required for pathogenesis 
to occur. However, epidemiologists observe that an in- 
fectious agent is an insufficient cause of disease [16]. 
This is because pathogenesis of any infectious agent is 
dependent upon environmental and lifestyle characteris- 
tics [16]. If HPV 16/18 are the central and independent 
cause of cervical cancer then the incidence of cervical 
cancer mortality would vary with the incidence of HPV 
16 and 18 globally. This correlation does not exist. 
Cervical cancer is significantly higher in the developing 
countries than developed countries even though HPV 
16/18 infections are not higher in these countries. 

In 1995 it was observed that the distribution of HPV 
genotypes 16 and 18 was similar among all countries: 
developing and developed [7]. HPV 16 is identified as the 
dominant sub-type (62%) in squamous cell carcinoma 
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(SCC) and cervical adenocarcinoma (CAC) in all countries 
and HPV 18 has a global frequency of 8% [11,17]. 
Yet cervical cancer rates vary significantly between 
countries. There are very high rates of disease in the 
developing countries and very low rates in developed 
countries [18]. This contrast is also observed between 
the Australian indigenous and non-indigenous popula- 
tions. The indigenous population has twice the inci- 
dence of cervical cancer and five times the mortality 
rate [19]. This illustrates the influence of environmen- 
tal and lifestyle factors in the pathogenesis of HPV 
infections [19]. 

In the 60s and 70s many developed nations had the 
same high rates of cervical cancer as the developing na- 
tions today but mortality was reduced due to changes in 
environmental and lifestyle factors and the introduction 
of Pap screening programs [18]. China also had a high 
incidence of cervical cancer in 1985 but this was re- 
duced from 17.8 to 6.8/100,000 women by changes to 
risk factors by 2002 [18]. In 2003 it was observed that 
HPV 16 was slightly less prevalent in the countries with 
the highest rates of cervical cancer [17]. This led to the 
suggestion that a vaccine targeting HPV strains 16 and 
18 may prevent more invasive cervical cancer in devel- 
oped nations where cervical cancer rates are low, than in 
the developing countries which carry the highest burden 
of this disease [17]. 

Bosch et al. state 'HPV 16 has been found to be the 
most prevalent HPV type in cytologically normal women 
as well as women with cervical intraepithelial neoplasia 
(CIN) and women with cervical cancer' [7] p797. It is 
known that HPV infections are mostly self-limiting and 
harmless [13] p.3 and the global distribution indicates 
that the 'risk' of infection from HPV 16 and 18 is 
similar in all countries but the risk of 'disease' (cervical 
cancer) is higher in lower socioeconomic countries and 
communities. 

Despite the lack of correlation between HPV 16 and 
18 with the burden of cervical cancer globally, it was 
claimed that infection with high-risk HPV is the central 
etiological factor in cervical cancer worldwide and inde- 
pendent of other risk factors [7] p796. Further evidence 
that HPV 16 and 18 are not independent factors in 
the development of cervical cancer can be observed by 
examining the lifetime risk of this disease in different 
countries. Studies have shown that the incidence of HPV 
infection in women worldwide is approximately 80% but 
the lifetime risk of developing cervical cancer before the 
age of 64 is only 0.8% in a developed nation [18]. This 
risk increases to 1.5% in developing countries [18]. This 
difference cannot be fully explained by the presence of 
screening programs in developed countries because it is 
known that cancer is an uncommon outcome of all 
high-grade lesions in women [20] . 



TjfHPV 16 and 18 are the central independent cause 
of most cervical cancer then the incidence of these 
subtypes should be higher in the developing nations 
where the incidence and mortality of cervical cancer is 
the highest. This general correlation would exist even if 
there were local variations in the dominant genotypes. 
However, the incidence of HPV 16 and 18 is similar in 
all countries; indeed, HPV 16 is slightly higher in the de- 
veloped nations where cervical cancer is the lowest [17]. 
The global incidence and mortality of cervical cancer il- 
lustrated in Figure 1 does not correlate with the global 
incidence of HPV 16 and 18. 

In 1995 it was known that HPV infection on its own 
was not sufficient to cause cervical cancer [1,8]. Factors 
which are known to increase a person s risk of persistent 
infection and the progression of lesions to related can- 
cers include [1,2]: a) Multiple partners for the male and 
female b) Presence of HPV plus other sexually transmit- 
ted viruses c) Prostitution [21] d) Sex without a con- 
dom/microbicides [13] p.9 e) High parity > 3 children 
f) Low socioeconomic status: poor hygiene/sanitation/ 
nutrition conducive to sexually transmitted diseases g) 
Immunosuppression h) Smoking i) Long-term oral con- 
traceptive use and j) older age [22] p.2. 

Prostitutes have an increased risk of developing cer- 
vical cancer which can be reduced by the use of con- 
doms and microbicides [13,23]. This demonstrates that 
environmental and lifestyle factors are also necessary for 
HPV pathogenesis. De Sanjose (2013) states 'HPV re- 
lated disease represents a complex mixture of genetics, 
micro-environment, behaviour and social influences' 
[24], Without these risk factors HPV infections can per- 
sist for a lifetime without becoming cancerous [20]. 

The efficacy of HPV vaccines 

HPV DNA is associated with the development of squa- 
mous cell cervical cancer (SCC) and cervical adenocarcin- 
oma (CAC) [25]. In 2003 when the WHO consultation 
group was investigating the possibility of developing a 
prophylactic vaccine to prevent these cancers it was de- 
cided that a suitable surrogate end-point for the efficacy 
of the vaccine would be the histologic pre-cursor lesions 
for these cancers [26]. The histologic pre-cursor lesions 
are defined as cervical intra-epithelial neoplasia (CIN) 
grade 2/3 lesions and adenocarcinoma in situ (AIS) 
[25] p.2. Cervical cancer has a latent period of between 
10-30 years between HPV exposure and the development 
of cervical cancer and this time period for accruing cases 
was considered unfeasible [26]. The WHO consultation 
group decided the virological end-point of pre-cancerous 
lesions in women 15-26 years of age was a useful surro- 
gate for vaccine efficacy studies [13,26]. This was decided 
even though cervical cancer in this age group is extremely 



Wilyman Infectious Agents and Cancer 2013, 8:21 
http://www.infectagentscancer.eom/content/8/1/21 



Page 4 of 8 



Eastern Africa 
Southern Africa 
Melanesia 
Caribbean 
Central America 
Western Africa 
South America 
Middle Africa 
South Central Asia 
Micro/Polynesia 
South-Eastern Asia 
Eastern Europe 
Northern Africa 
Southern Europe 
Western Europe 
Northern Europe 
Japan 
Northern America 
Australia/New Zealand 
China 
Western Asia 



Incidence Mortality 




Age standardized per 100,000 
Figure 1 Age-standardised incidence and mortality rates for cervix uteri cancer worldwide [18]. 



rare and pre-cancerous lesions are common but rarely 
progress to cancer [13] p.8. 

HPV natural history shows that only 5% of HPV infec- 
tions progress to CIN 2 or 3 within 3 years [11]. Of this 
5% many CIN 3 lesions will regress (80%) and appro- 
ximately 20% progress to invasive carcinoma within 
5 years. Of this 20% only 40% progress to invasive car- 
cinoma within 30 years [11]. This suggests that the ma- 
jority of pre-cancerous lesions in young women do not 
lead to cancer later in life and hence they are not an ac- 
curate end-point for determining how much cervical 
cancer can be prevented by an HPV vaccine. 

The decision to use this end-point was based on four 
key features [13,25,27]: 

1. They are obligate precursors of cervical cancer. 

2. They are closely associated in temporal sequence to 
the development of invasive cervical cancer. 

3. They are associated with a high risk of development 
of invasive cervical cancer [22] p.l. 

4. Reductions in incidence or treatment are shown to 
result in a reduction in risk of invasive cervical 
cancer. 

The first feature needs qualification. Whilst it is true 
that pre-cancerous lesions are obligate precursors of 



cancer, the majority of lesions do not progress to cancer 
[11,20]. Most high-grade pre-cancerous lesions in young 
women (90%) regress quickly and without treatment in 
2 years [11,13,20]. The incidence of high-grade squa- 
mous intraepithelial lesions (HSIL) is highest in this age- 
group and declines with age [20]. It is stated that cancer 
is an uncommon outcome of these lesions even in the 
absence of screening [20] pl5. Raffle et al. 2003 observed 
that at least 80% of HSIL regresses without intervention 
[20] p 15. 

Similarly, features two and three are only true when 
the environmental and lifestyle risk factors (listed above) 
are also present [20]. This is demonstrated by the var- 
iation in the incidence and mortality rates for cervical 
cancer between developed and developing countries and 
between Australia's indigenous and non-indigenous po- 
pulation. The fourth feature needs to be qualified. In 
countries where the environmental 'risk' factors for pa- 
thogenesis have been reduced the majority of HPV infec- 
tions are not a high risk' for cervical cancer. Cervical 
cancer is a rare outcome of all HPV infections with the 
majority being self-limiting and asymptomatic [1,13,20]. 

Screening for high-risk HPV infection would identify a 
very large number of women but only a few of them 
would be at risk of cervical cancer [20] p 9. This would 
be the same if all young women are vaccinated - the 
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majority of these women would not be affected by cer- 
vical cancer in their lifetime. In addition, there are 15 
high-risk HPV subtypes that are implicated in causing 
cervical cancer and protecting against just 2 does not 
prevent infection from the other 13 [20]. This is why 
Merck is now producing a nona-valent vaccine and in- 
cluding 7 more HPV genotypes. Resolved infection from 
high-risk HPV 16/18 does not protect against other 
high-risk HPV genotypes [28]. In addition, Gardasil® 
does not prevent cervical cancer from HPV infection 16 
and 18 which was already present at the time of vaccin- 
ation [25]. In Australia early detection by Pap screening 
reduced the incidence of cervical cancer by 50% in the 
decade from 1991 - 2002 [29]. 

In 2006 when HPV vaccine was licensed and approved 
for use in the population there was no standard sero- 
logical assay for detecting HPV antibodies and it was not 
known what level of antibody titre would be protective 
against HPV infection [13,30]. An antibody titre against 
2 of many oncogenic HPV genotypes (even if a protect- 
ive level is established) is unable to provide accurate in- 
formation about the efficacy of HPV vaccines against the 
burden of cervical cancer. This is because antibody titre 
is an indication of protection against the infectious agent 
which in this case is not an independent cause of the dis- 
ease. There is 'overwhelming evidence that infection with 
HPV is necessary, though not sufficient, for development 
of cancer of the cervix' [20] p.9. 

The expression of disease from an HPV infection de- 
pends upon environmental co-factors and most HPV in- 
fections are harmless if these co-factors are not also 
present [1,13,20]. Currently there is no technology to pre- 
dict which CIN 3 lesions will progress to cancer and which 
ones will persist for a lifetime without causing disease [11]. 

The safety of HPV vaccines 

During the two and a half years following the licensure 
of this vaccine many adverse events to HPV vaccines 
were reported [31]. Although an analysis of the postli- 
censure safety surveillance data for the HPV vaccine has 
been performed, the analysis only included adverse event 
data from the US [31], despite GardasiP being licensed 
in many foreign countries. Slade et al. (2009) also indi- 
cate that 68% of the adverse reports for the HPV vaccine 
in their analysis came from the manufacturer: Merck 
and Co [31]. Of these reports, almost 89% did not 
provide sufficient identifying information to allow med- 
ical review of the individual cases. As a result, the US 
Centers for Disease Control and Prevention (CDC) vac- 
cine adverse events and reporting system (VAERS) can- 
not be used to infer causal associations between vaccines 
and adverse events [32]. 

This is also because the system is a passive' system 
based on voluntary reporting and not an active' follow 



up of the health outcomes of all vaccinated individuals 
[32]. Passive pharmacovigilance systems are not designed 
to determine causal relationships to adverse reactions or 
their frequency in the population. 

Rare adverse events following immunization (AEFI) 
were observed more often in the post licensure data 
than the pre-licensure data [31]. This is a result of: 

I. The longer time period over which the data was 
collected and 

II. The larger number of people that were included in 
the trial. 

In the pre-licensure trials adverse events were only ac- 
tively monitored for 15 days after vaccination [31]. How- 
ever, in the post-licensure passive surveillance system 
events were reported that occurred weeks or months 
after vaccination [31]. It is known that the effects of the 
chemicals in the vaccines can be latent and appear 
weeks, months or years after administration [33,34]. The 
researchers themselves claim that the surveillance sys- 
tem is severely limited [31]. The limitations include: 

I. It is a passive system so events are underreported. 

II. Not all reported events are systematically 
validated. 

III. Inconsistency in the quality and completeness of 
reported data. 

IV. Reporting biases. 

An accurate comparison of adverse events in the cli- 
nical trials could not be determined with the unvacci- 
nated group because the placebo was not inert [31]. The 
manufacturer funded clinical trials used the adjuvant 
aluminium hydroxyphosphate sulphate, which has been 
linked to serious adverse events [33], as the placebo in 
the unvaccinated group [10]. Whilst the WHO states the 
vaccine is 'generally safe and well- tolerated' [13] p. 17 this 
claim does not include a true comparison of vaccinated 
and unvaccinated females and there has been no active 
follow up of vaccinated individuals. 

In the clinical trials 0.1% of women discontinued due 
to adverse events and 3.6% of pregnant women in both 
the placebo and vaccinated groups experienced a serious 
adverse event [13] p. 17. There were 15 to 16 congenital 
anomalies born in each group [13]. The common factor 
in these groups was the aluminium adjuvant and it is a 
signal that there could be many adverse events that have 
not been causally related to the vaccine because there 
was no comparison with an inert placebo group in the 
clinical trials. 

The WHO states that background information about 
the health status of adolescents including acute, chronic 
and autoimmune diseases should be collected before 
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broad HPV vaccination programs are established [13] 
p.6. This would ensure that the risks of the vaccine can 
be properly evaluated. Broad vaccination programs have 
been rapidly implemented into many countries and the 
true health effects of this vaccine may never be known if 
this information has not been collected and if govern- 
ment regulators are using passive surveillance systems. 

Evaluating the cost-effectiveness of HPV vaccines 

Government policy-makers in many countries are using epi- 
demiological and economic models to determine the cost- 
effectiveness of HPV vaccines [35]. There are over 20 differ- 
ent models with considerable variations between them 
[13,35]. This is due to the significant gaps in the scientific- 
literature regarding many aspects of HPV natural history 
and also due to the subjectivity of individual scientists in de- 
ciding the level of detail to include in the mathematical 
models [13,35]. 

The HPV vaccine is being utilised in many countries even 
though it is known that there are many uncertainties in the 
health outcomes predicted by the models because of the use 
of simplified assumptions [13,15]. Mathematical models de- 
pend upon the equations used and the parameter values 
chosen. Modeling involves many assumptions so good judg- 
ment and disciplined integrity by the investigative scientists 
are vital [36] p 61. Results can be manipulated intentionally 
or inadvertently so it is important that there is an inde- 
pendent assessment of the models and data used [36] . 

Almost all HPV models assume that infection, clear- 
ance, progression and regression for each HPV type are 
independent of infection from other types [15]. Al- 
though some scientists are now claiming infection from 
one type influences the chance of infection by another 
type, more sophisticated multi-type individual based 
models are needed to properly analyse this possibility 
[15]. HPV vaccines have been deemed cost-effective for 
many countries, using mathematical models, even 
though scientists are claiming that the effects of the vac- 
cine on high-grade lesions and invasive cancer will not 
be clear for many years [13] p.5;15. 

In 2008, Brisson et al. stated that the HPV vaccine tri- 
als were showing promising' results [35] The CE models 
of HPV prevention in developed countries prior to 2008 
concluded that vaccinating girls is likely to be cost- 
effective if the duration of vaccine protection is greater 
than 30 years or if booster doses are given when the dur- 
ation of efficacy is short-term [35]. Other scientists claim 
that the duration needs to be at least 15 years with 90% 
efficacy against at least HPV 16 to be cost-effective [11]. 
Yet the duration of the vaccine was unknown when the 
vaccine was marketed to women in 2007 [30] as an ef- 
fective prevention for cancer [37]. 

Mathematical models present cost-effectiveness as a 
ratio (CER) defined as the incremental cost of obtaining 



a unit of health effect from an intervention when com- 
pared to an alternative [35]. Models for HPV vaccine 
can only produce speculative health outcomes because 
of the assumptions made about HPV pathogenesis. In 
the developed countries the majority of HPV infections 
(90%) are not a high risk for cervical cancer [13]. Empir- 
ical evidence of the benefits of the vaccine will not be 
determined for decades due to the long latent period 
(10-30 years) between HPV infection and cervical can- 
cer incidence [13] p.5. 

The assumptions that have been used in the CER 
models for HPV vaccines include: 

1. HPV DNA on its own is a cause of cervical cancer. 

2. HPV 16 and 18 infections are a high risk for 
developing cervical cancer. 

3. High-grade pre-cancerous lesions (CIN 2/3) in 
15-26 year old women are a surrogate for cervical 
cancer. 

4. The other 13 + strains of HPV will not infect and 
progress to cervical cancer. 

5. The duration of the vaccine is longer than 10 years. 

6. There are few serious side-effects produced by the 
vaccine. 

HPV vaccine is not proven safer or more effective than 
Pap screening combined with loop electrosurgical exci- 
sion procedure [11,28] therefore it is important to assess 
the validity of each assumption regarding pathogenesis 
and vaccine safety that has been used in the CE models. 
This knowledge plus the fact that vaccinated women will 
still need Pap screening must be factored into the assess- 
ment. The HPV vaccine costs $Au450 per vaccinated in- 
dividual (3 doses of vaccine) [38] and this must also be 
considered against the cost of a Pap test as HPV vaccine 
does not protect against all oncogenic HPV infections. 
Pap tests cost approximately $50 which is the cost of the 
consultation fee with the doctor. In Australia this cost is 
generally paid by the government and the test is consi- 
dered to prevent 9 out of 10 cervical cancer cases [38]. 

Conclusion 

The introduction of the HPV vaccine was based on a 
number of questionable assumptions that are addressed 
here. 

HPV DNA is an independent cause of cervical cancer 

When scientists trialed this vaccine against pre-cancerous 
lesions in 2003 it was known that HPV 16 and 18 could 
persist for a lifetime without causing cervical cancer. 
Many co-factors had been identified in causality and there 
were significant gaps in the scientific knowledge regarding 
the interaction of co-factors with many oncogenic HPV 
genotypes in pathogenesis. An HPV 16 or 18 infection 
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does not lead to cancer without co-factors being present. 
The majority of HPV 16/18 infections (90%) are harmless, 
self-limiting and asymptomatic and are not a high risk of 
cervical cancer or warts. Environmental and lifestyle 
factors are known to influence the global incidence and 
mortality of cervical cancer and this is demonstrated by 
the lack of correlation between HPV 16 and 18 and the 
mortality to cervical cancer. HPV 16 and 18 infections 
are a necessary causal factor in approximately 70% of 
cases but they are not a sufficient cause. 

HPV infection is not an independent cause of cervical 
cancer and the universal vaccination of all women in de- 
veloped countries results in the large majority of these 
women being exposed to the risks of the drug without 
being at risk of cervical cancer. 

Pre-cancerous lesions in young women as a cervical 
cancer surrogate 

The natural history of HPV 16/18 infection in the 
15-26 year demographic does not support the conclu- 
sion that HPV precancerous lesions are a precursor for 
cervical cancer: the opposite is true. The majority of pre- 
cancerous lesions in this demographic regress naturally 
and do not lead to cancer later in life. This indicates that a 
measure of efficacy against pre-cancerous lesions (CIN 2 
and 3) in young women is an inadequate surrogate for de- 
termining how much cervical cancer can be prevented 
with a quadrivalent HPV vaccine. 

HPV genotypes and progression to cervical cancer 

It is believed that this vaccine will protect against -70% 
of cervical cancer. The assumption is that vaccinated 
women will not be infected with the 13 other HPV sub- 
types that are associated with carcinogenesis. Approxi- 
mately 30% of cervical cancer is linked to HPV 
genotypes that are not covered in the vaccine. Therefore 
it is recommended that all vaccinated women should still 
have regular Pap screening to ensure they are protected. 
Preventing infection from HPV 16 and 18 assumes that 
it will prevent some cervical cancer but there is no em- 
pirical evidence to indicate how much cancer it can pre- 
vent in developed countries where cervical cancer is 
already a low risk due to Pap screening programs. 

Duration of the vaccine 

The duration of this vaccine was unknown when it was 
approved by the FDA in 2006 and it is still unknown in 
2013. Duration of the vaccine is believed to be at least 
5 years as predicted by mathematical modeling per- 
formed by the manufacturer. In addition, duration of the 
vaccine is not an indication of the protection against cer- 
vical cancer - only against infection from HPV 16/18. 
Protection against cervical cancer requires knowledge of 
the interaction of HPV 16/18 infection with co-factors 



in pathogenesis as well as the chances of re-exposure to 
HPV 16/18. In addition, 30% of cervical cancer is not as- 
sociated with HPV 16 and 18 infections therefore vac- 
cine duration is an incomplete measure of protection 
from cervical cancer. 

Adverse events 

Safety was not adequately investigated in the clinical tri- 
als for this vaccine. The trials for this vaccine did not 
use an inert placebo in the unvaccinated group and they 
did not study the latent effects of the vaccine compo- 
nents for a year or more after exposure. In addition, 
there is a lack of knowledge about the harm this vaccine 
will cause in the population because there is no active 
surveillance system to monitor adverse events. This al- 
lows scientists to claim there is no indication that the 
adverse events reported after HPV vaccination are 
caused by the vaccine. It is being claimed that these 
events are a coincidence' and government regulators are 
stating the vaccine is safe and effective' based on a lack 
of evidence: not evidence-based science. 

HPV vaccination programs have been founded on ma- 
thematical models that are using uncertain assump- 
tions. HPV vaccines have not been proven to be effective 
against cervical cancer because inadequate surrogates 
and end-points have been used to test this hypothesis 
and cervical cancer takes 10-30 years to develop. Ap- 
proximately 90% of HPV infections clear spontaneously 
and are asymptomatic and harmless: only a fraction lead 
to cervical cancer over 2-3 decades. This is a significant 
factor in the broad use of an HPV vaccine in adoles- 
cents. Vaccination programs are targeting 11-12 year 
olds in which the risk of cancer death is zero. In com- 
parison, the risk of vaccine injury or death is very real. 
This risk may be small or large but it is necessary to 
have an accurate estimate before broad vaccination pro- 
grams are implemented. Governments that implement 
HPV vaccination programs are shifting the risk and not 
eliminating the risk of adverse health outcomes. 

In addition, vaccination programs are very expen- 
sive compared to the cost of screening programs. Pap 
screening is almost 100% effective in preventing cervical 
cancer and virtually risk free. In contrast, the HPV vaccine 
is very expensive and it cannot prevent 30% of cervical 
cancer: Pap screening will still be required. HPV vaccines 
will not be cost-effective against screening programs until 
they can prevent 100% of cervical cancer without signifi- 
cant adverse events. 

Currently the benefit of the vaccine against the burden 
of cervical cancer in developed countries is unknown 
and there are risks of injury and death that have not 
been accurately determined. HPV vaccines are not dem- 
onstrated to be safer or more effective than Pap screen- 
ing combined with surgical procedures. Hence it follows 
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that implementing broad HPV vaccination programs is 
not cost-effective in countries where regular Pap screen- 
ing programs are available and will still be required. 
HPV vaccines in vaccination programs in these countries 
are offering uncertain benefits in reducing the burden of 
cervical cancer and may cause more harm than good 
due to the lack of investigation of their long-term safety. 
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